ATLAS and CMS collaborations have reported the new results on Higgs search analyzing ∼ 15 fb −1 data from Run-II of LHC at 13 TeV. In this work we study the Higgs sector of the phenomenological Minimal Supersymmetric Standard Model, in the light of the new Higgs data presented at ICHEP 2016, on and above the existing Run-I data, and comment on their relative impacts. One of the major impact of the new data on the parameter space comes from the H → τ + τ − direct search limit which rules out the high tan β regions more efficiently than the Run-I data. Secondly, we show that the latest result of the rare radiative decay of the B meson presented by the Belle collaboration at ICHEP 2016 constrains significantly the low tan β and low m A region of the parameter space than its previous value. Further, we find that in a global fit the Run-II light Higgs signal strength data are at most comparable in strength with the corresponding Run-I data. Finally we discuss the possible decay modes of heavy Higgs bosons to supersymmetric particles.
data at 8 TeV) of the LHC by ATLAS and CMS collaborations [1, 2] is indeed a triumph of the Standard Model (SM) of particle physics. It confirms the validity of the theory of spontaneous symmetry breaking, which in turn produces the masses of quarks and leptons via Yukawa interactions, within the framework of SM.
Confirmation of the newly discovered boson as the SM-like Higgs boson by the Run-I data, however, does not rule out the possibility of the existence of an extended Higgs sector. At the same time, beyond SM (BSM) theories are essential for explaining the issues like neutrino masses, existence of dark matter, hierarchy problem. Various BSM theories have been proposed to address these shortcomings in the SM, out of which some contain an extended Higgs sector. One among such theory is the Supersymmetric extension of the SM [3] [4] [5] .
In this work we will consider a Supersymmetric extension of the SM or in other words Minimal Supersymmetric Standard Model (MSSM). It has two Higgs doublets and contains five massive Higgs states after symmetry breaking: two CP-even Higgs boson h and H, a CP-odd Higgs boson A and the charged Higgs bosons H ± . Previous studies of Higgs mass bounds in the framework of MSSM [6] [7] [8] [9] [10] [11] has predicted an upper-bound of ∼ 135 GeV for the lightest CP-even Higgs boson h (for sparticle masses < ∼ 1 TeV), indicating the observed Higgs mass to be consistent with but really close to the upper-bound. This closeness of the observed Higgs mass to the upper-limit of the allowed mass of the lightest CP-even Higgs in the MSSM is suggestive of a rather high SUSY breaking scale M S > ∼ 1 TeV. LHC direct search limits also set a quite high lower limit on the masses of the stronglyinteracting SUSY-particles like stop and sbottom squarks (with the exception under some special circumstances), making them difficult to be produced and observed experimentally. On the other hand, heavy Higgs bosons and electroweak sparticles are still allowed to be light with masses of a few hundreds of GeV. Extensive studies are already there showing the allowed ranges for masses and other parameters in MSSM, in the light of the low-energy observables and using the Run-I data of the LHC [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Although in the first phase of Run-II at 13 TeV, the SM-like Higgs boson was not observed, in the second phase of Run-II, ATLAS and CMS collaboration have observed the SM-like Higgs and measured its properties in various decay channels. Along with it, the second phase of the Run-II have given us the new limits on heavy scalar states from its decay into various SM channels as well as new limits on the Supersymmetric particles. In the light of this new data after the 2016 Summer conferences, in the present work we assess the current status of the MSSM.
In particular, in this paper we review the status of the parameter space of phenomenological MSSM (pMSSM) in the light of the new ≈ 15 fb −1 data from Run-II of the LHC at 13 TeV, as reported by the CMS and ATLAS collaborations and concentrate on the Higgs sector. Along with the newly released data, we take into account the LHC Run-I data as well as the 13 TeV (≈ 3 fb −1 ) data presented at the end of 2015. Apart from the constraints coming from the mass of the 125 GeV Higgs boson, we discuss the low-energy constraints from low-energy flavor observables through the bound from the rare-decays like B → X s γ, B s → µ + µ − , and B + → τ + ν τ . We then study the implications of the heavy Higgs searches by ATLAS and CMS collaborations on the already constrained parameter space, both with 8 TeV and the latest 13 TeV data, where we consider the channels H/A → γγ, bb, τ + τ − , H → W + W − , ZZ, hh and A → Zh. As for the charged Higgs searches, the constraints coming from H ± decaying to τ ν τ as well as tb final states have been considered, as reported by both the collaborations with 8 TeV and 13 TeV data. Finally, we consider the possibility of the decays of the heavy Higgses H, A and charged Higgs H ± to SUSY particles, within the allowed region of the parameter space. We further comment on how the future improvements from various heavy Higgs decay channels would affect the parameter space.
The paper is organized as follows. In section II, we discuss the range of different MSSM parameters on which the scan has been performed. We impose the Higgs mass constraint and then perform a global fit analysis by taking into account, the low-energy constraints coming from B-physics and Higgs signal strength constraints coming from 8 TeV and 13 TeV data, and discuss its implication on the parameter space. We then discuss the impact of the direct search for heavy Higgs (neutral and charged) at 8 TeV and 13 TeV by ATLAS and CMS collaboration in various search channels on the MSSM parameter space and compare between them. Section III discusses the impact of all these constraints put together on certain regions of our interest. In section IV we discuss the non-standard decay modes i.e. the decay of heavy Higgs boson to supersymmetric particles and the effect of the various searches on them. In section V we comment on the future projection on the heavy Higgs searches and then summarize the result of this work.
II. PARAMETER SPACE AND CURRENT BOUNDS
We begin this section by specifying the region of parameter space scanned, followed by a description of all the experimental bounds imposed to constrain the parameter space.
A. Parameter space scan
The parameters relevant to our analysis are the higgsino mass parameter µ, the gaugino mass parameters M 1,2,3 , the ratio of vacuum expectation value (vev) of the two Higgs doublets, tan β, the pseudoscalar mass parameter M A , the trilinear couplings of the third generation squarks A t,b (A t and A b has been varied independently), and the masses of all three generation of squarks Mũ . We would like to note here that all the first and third generation squark masses have been independently varied and the second generation squark masses have been set equal to their first generation counterpart. The masses of all three generations of sleptons have been fixed at a value of 2 TeV. We would like to mention that M 1 and M 2 have been restricted above 600 GeV in order to exclude the possibility of heavy Higgs decaying into electroweak gauginos. These decays will be considered in detail in Section IV.
The input parameters are varied over the following ranges with flat prior: 600 GeV < M 1 < 5 TeV, 600 GeV < M 2 < 5 TeV, 500 GeV < M 3 < 5 TeV, 3 < tan β < 60, 100 GeV < M A < 1 TeV, 100 GeV < µ < 5 TeV, 600 GeV < MQ 1 < 5 TeV, 600 GeV < Mũ 1 < 5 TeV, 600 GeV < Md
Apart from the above parameters, we vary the input top pole mass (m t (m pole t )) in gaussian distribution around a central value of 173.21 GeV and a standard deviation of 0.55 GeV [27] . We sample ∼ 10 8 points within the above mentioned ranges. The Supersymmetric sparticle spectrum and various production and decay modes of the Higgs sector were generated using FeynHiggs 2.12.0 [28] [29] [30] [31] [32] [33] . The neutral Higgs production cross-section through gluon gluon fusion (ggF) [34] and the charged Higgs production [35] [36] [37] cross-section are calculated using FeynHiggs. For other processes like vector boson fusion (qqH), associated production with vector bosons (Vh), we take the corresponding SM-like heavy Higgs cross-section form LHC Higgs Cross-section Working Group [38] [39] [40] [41] and scale them accordingly 1 .
B. Current bounds
The SUSY spectrum generated from the above variation of input parameters gets initially constrained by the mass of the light CP-even Higgs boson, M h , which is assumed to mimic the properties of the SM Higgs boson at 125 GeV. Constraints on Br(B → X s γ), Br(B s → µ + µ − ), and Br(B + → τ + ν τ ), derived from low-energy flavor physics experiments, and the existing bounds on signal strength variables, derived by CMS and ATLAS, from a combined analysis of 7 and 8 TeV Higgs and the latest Higgs data at 13 TeV are imposed through a global χ 2 -fit, where the minimum value of the χ 2 is determined and parameter space points with χ 2 value outside the 2σ range from the minimum are neglected. Further, constraints coming from the heavy Higgs searches at the Run-I, Run-II, and latest 13 TeV data have been incorporated. We discuss these four constraints in some detail in the following subsections.
Constraints on M h
The combined experimental measurements of the Higgs mass by ATLAS and CMS [45] allow for a window of 124.4−125.8 GeV at 3σ. Further, it should be noted that the available calculation of Higgs mass in pMSSM is not exact and it does not consider corrections beyond 2-loop + NNLL [28] [29] [30] [31] [32] 46] in FeynHiggs 2.12.0. In addition to this, uncertainty in the topquark mass determination invokes theoretical error in the Higgs mass calculation in MSSM. Considering this, we allow additional ±2 GeV uncertainty in the Higgs mass to account for these theoretical uncertainties. Hence, the conservative Higgs mass range considered in the analysis is 122.4 − 127.8 GeV.
Flavour physics constraints
We consider the relevant constraints coming from the B-decay channels which are most sensitive to new physics, namely B → X s γ, B s → µ + µ − , and B + → τ + ν τ . In the MSSM without any new source of flavor and CP violations, the generic contribution to B → X s γ can be characterized as [16, 47] 
where C N P 7,8 are Wilson coefficients which encapsulate the new physics contributions to the magnetic and chromo-magnetic b → sγ operators. In the SM, the NNLO prediction for the branching ratio is Br(B → X s γ) SM = (3.36 ± 0.23) × 10 −4 [48, 49] while the present world average of experimental measurements is Br(B → X s γ) exp. = (3.32 ± 0.15) × 10 −4 [50] . This leaves following room for new physics in the R bsγ defined in Eq. (1)
1 Detailed work on evaluation of uncertainties and correlation matrix of Higgs cross-sections and partial decay width has been done in [42] [43] [44] .
We would like to note here that R bsγ has been obtained by assuming all statistical and systematic uncertainties in Br(B → X s γ) SM and Br(B → X s γ) exp to be gaussian, thus allowing them to be combined in quadrature. We also consider the new physics contribution to Br(B s → µ + µ − ). In MSSM, at one-loop this process is mediated through the heavy neutral and pseudoscalar Higgs penguin and box diagrams. For the penguin diagrams flavor changing b → s quark transition is induced through charged Higgs -up-type quark and up-type-squark -chargino loop. In addition, it also receives contribution through up-type quark -charged Higgs -neutrino and up-type squark -chargino -sneutrino box diagrams. The present experimental value of Br(B s → µ + µ − ), from combined analysis from the LHCb and the CMS collaborations [51] , reads as Br(B s → µ + µ − ) exp. = (2.8
+0.7
−0.6 ) × 10 −9 . A combination of two recent Belle measurements using hadronic [52] and semileptonic [53] tagging method and taking into account all correlated systematic uncertainties, gives a branching fraction Br(B + → τ + ν τ ) = (0.91 ± 0.19 (stat.) ± 0.11 (syst.)) × 10 −4 [53] . The present world average of the experimental measurements of Br(B + → τ + ν τ ) exp. = (1.06 ± 0.19) × 10 −4 [50] . Whereas, in SM the latest indirect fit prediction for Br(
. In our analysis we have taken into consideration this decay mode using the ratio of the branching fraction B + → τ + ν τ in MSSM to their SM value. We have used micrOMEGAs 4.3.0 [55] [56] [57] to calculate the SUSY contributions to all the above three low-energy flavor observables.
Constraints from Higgs data
CMS and ATLAS have analysed the LHC data collected at Run-I and Run-II, and derived constraints in the couplings of Higgs boson. They have performed these studies for the most significant production modes of Higgs boson at LHC, namely, through gluon gluon fusion (ggF), vector boson fusion (VBF), associated production with top-quark pairs (tth) and associated production with vector bosons (Vh), and for the decay modes, h → ZZ, W + W − , γγ, τ + τ − , and bb. Their analysis has been performed using the signal strength formalism, where, the signal strength variable, µ f i , is defined as:
Here, i stands for the production modes of the Higgs boson and f stands for the Higgs boson decay modes. The parameters with the subscript 'SM' represents the corresponding values for SM. A µ f i value other than 1 will reflect deviations from SM. The experimentally obtained best-fit signal strength values which we have implemented in our analysis have been tabulated in Table I and Table II .
C. Global fit analysis
We perform a global χ 2 analysis over the entire scanned parameter space by assimilating the most relevant low-energy flavor physics observables and the Higgs signal strength constraints tabulated in Table I and Table II [68] TABLE I. Best-fit value of signal strength variables, along with the associated errors, derived by ATLAS and CMS using LHC Run-I data, which have been implemented to perform the global χ 2 analysis to obtain the allowed parameter space.
The value of χ 2 is computed for all parameter space points, where χ 2 is defined as:
Here, x i corresponds to the experimentally-obtained best-fit value of the observable and x i is the value of the corresponding observable predicted for the parameter space point in MSSM. ∆x i 2 represents the error associated with the experimental measurement. In the case of Higgs signal strength constraints, x i corresponds to µ i , where, µ i represents the Higgs signal strength corresponding to a certain Higgs boson production mode and Higgs decay channel. In the case of low-energy flavor-physics constraints, x corresponds to the branching fraction of the decay channel B s → µ + µ − and B + → τ + ν, and to the ratio Br(b → sγ)/Br(b → sγ) SM . The summation over i in Eqn. 4 represents that χ 2 is calculated by summing over all the experimentally obtained signal strength observables tabulated in Table I and Table II , corresponding to various production and decay modes of Higgs boson and also the low-energy flavor physics observables discussed in Sec. II B 2. Following the global χ 2 approach mentioned in [20] , we combine 28 observables corresponding to the signal strength measurements from LHC Run-I data (including both CMS and ATLAS (shown in Fig. 1 , we show the implications from the global χ 2 analysis performed by taking various combination of observables. The grey colored points in Fig. 1(a) , 1(b), 1(c)and 1(d)represent the parameter space points which satisfy the light Higgs mass constraints. The red points in Fig. 1(a), 1(b We would like point out one crucial result at this point. We know that the b → sγ process puts severe constraints on the low tan β and low M A region. Therefore we investigated the significance of the most recent result R bsγ = 0.99 ± 0.08 [50] in the context of allowed parameter space in some detail. We performed the global χ 2 analysis assuming the earlier result on Br(B → X s γ) exp = (3.49 ± 0.19) × 10 −4 given in [77] , which was used to compute R bsγ = 1.04 ± 0.09, and then compared with the most recent data [50] . We observe that in the low tan β region, the new data constrains the value of M A more strongly than the earlier result.
D. Heavy Higgs search
In the previous section we presented the parameter space satisfying flavor physics and the Higgs signal strength constraints. In this section we will apply the most updated bounds on the masses and cross-section times branching ratios of the heavy Higgs bosons, and study its effect on the allowed parameter space. We would take into account all dedicated searches for heavy Higgs by ATLAS and CMS collaborations at 8 TeV and 13 TeV, e.g., 
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Search for heavy Higgs in W W and ZZ final states
We calculate the production cross-section times the W + W − and ZZ branching ratio of the neutral CP-even heavy Higgs i.e. σ × Br(H → W + W − ), for the allowed parameter space points (blue colored points in Fig. 1(d) ) and then compare them with the upper bounds obtained on the same quantity by both CMS and ATLAS for 8 TeV [86, 88, 92] and 13 TeV [87, 89, 90, [105] [106] [107] [108] [109] [110] .
In Fig. 2 we plot the quantity σ× Br(H → W + W − ) assuming gluon fusion for the production of the heavy Higgs for all the allowed parameter space points of our scanned data set. We would like to note here again that the allowed parameter space points satisfy the light Higgs mass constraint and have been obtained by combining all the Higgs signal strength constraints mentioned in Table. I and Table II , along with the flavor-physics observables discussed in Sec. II B 2, through a global χ 2 analysis, and considering parameter points within 2σ interval with respect to χ 2 min . The red solid line in Fig 2(a) shows the 95% C.L. upper limit on σ× Br(H → W + W − ) from the 8 TeV ATLAS data [86] . The colored lines in Fig. 2(b) denote the observed limits in various final states from the ATLAS 13 TeV data [87, 108, 109] . In Fig 3 we plot the quantity σ× Br(H → ZZ) assuming gluon fusion for the production of the heavy Higgs for the allowed parameter space points. The red solid line in Fig. 3(a) shows the 95% C.L. upper limit on σ× Br(H → ZZ) by ATLAS collaboration using Run-I LHC data [88] . The colored lines in Fig. 3(b) denote the observed limits in various final states from the 13 TeV ATLAS data [89, 90, [105] [106] [107] .
We mention here that, the agreement between Higgs signal strengths and their SM expectation values pushes us to the limit, where (β − α) ≈ π/2. In this limit, the branching ratio of heavy Higgs boson decaying into gauge bosons is highly suppressed and attains a value of the order of ∼ 10 −2 −10 −4 . Consequently, the quantity σ ×Br(H → W + W − ) is very Table. II). The green colored points in Fig 1(b) ,(c),(d) lie within the 2σ interval of χ 2 min computed by combining the Higgs signal strength constraints derived from LHC Run-I data(tabulated in Table. I). The yellow colored points in Fig. 1(c) ,(d) correspond to the parameter space points which fall within the 2σ interval of the χ 2 min obtained by combining the Higgs signal strength constraints for both Run-I and Run-II. The blue colored points in Fig. 1(d) have been obtained by combining the flavor physics observables as well with the Run-I and Run-II Higgs signal strength constraints in the χ 2 evaluation and then taking points within 2σ interval of the χ 2 min . We refer to these blue colored points as the allowed parameter space in the remainder of this analysis, unless otherwise stated. In Fig. 1(d) , the parameter space point which generates the minima (χ 2 min ) has been shown in black and corresponds to M A = 911.0 GeV and tan β = 13.5
FIG. 2. Scatter plot in the
plane, for the allowed parameter space (blue colored points in Fig. 1(d) ). Fig. 2 (a) (Fig. 2(b) ) represents cross-section times branching ratio for 8 (13) TeV. The red solid line in Fig. 2(a) denotes the 95% C.L. upper limit derived by ATLAS for LHC 8 TeV data [86] . In Fig. 2(b) , the colored lines represent the upper limit obtained by ATLAS in various final states using 13 TeV data [87, 108, 109] .
small. Same behavior is true for heavy Higgs going to ZZ final state. At least three orders of magnitude improvement in the upper limit on cross-section measurement is required to probe the regions of interest in the MSSM parameter space.
Search for heavy Higgs with hh final state
It may be noted that the branching fraction of the channel H → hh is considerable for low tan β and M A < 350 GeV. Because at low tan β, the branching ratio of H → tt will take over as soon as the tt threshold is crossed. Although the di-Higgs production cross section in SM is very small, production cross-section of single H can be up to two orders of magnitude larger than the direct hh production [120] (also see Table 1 of [121] ) and it can also have non-trivial effects on the self-coupling measurement of the 125 GeV Higgs [120, 121] . The search for a BSM resonance decaying to a pair of 125 GeV Higgs boson has been looked for by both CMS and ATLAS collaborations in the bbbb, bbγγ and bbτ + τ − final states. We have also calculated the production cross-section times branching ratios for the allowed parameter space and compared with the corresponding upper limit obtained by CMS and ATLAS using 8 TeV and 13 TeV LHC data. Fig. 3(b) ) represents the 8 (13) TeV cross-section times branching ratio. The red solid line in Fig. 3(a) represents the 95% C.L. upper limit on the cross-section times branching ratio given by ATLAS at 8 TeV [88] . In Fig. 3(b space points of our model have this value in the range 11
As a result, the existing bounds from this decay channel do not impose any constraints on our parameter space. We present a similar plot for H decaying through H → hh → bbτ + τ − decay mode in Fig. 4(b) , where we implement the upper limits obtained by CMS from LHC Run-II data at a luminosity of L = 12.9 fb −1 [117] . In this case, the allowed parameter space points lie in the range 13
We expect that the H → hh decay mode might play a significant role in the search of heavy Higgs boson in the low tan β and low M A region of high luminosity LHC.
The future runs are expected to strengthen the existing upper limits on production crosssection times branching fraction, which would lead to a lower value of σ U L Obs . As a result, the ratio σ U L Obs /σ M SSM would attain lower values compared to the present one and one will observe a color shift in Fig. 4(a) and Fig. 4(b) with more dark blue colored points. The High luminosity LHC(∼ 3000 fb −1 ) will be able to probe the region where M A < ∼ 500 GeV for tan β < ∼ 8 [20] .
Search for heavy Higgs in γγ final states
The diphoton invariant mass distribution played a major role in the discovery of the 125 GeV Higgs. But the branching fraction of this channel decreases as the Higgs mass increases. Hence, for the MSSM CP-even heavy Higgs boson also, the cross-section times branching ratio will be quite small. We have implemented the bounds on the cross-section times branching ratio for this channel from CMS and ATLAS for both 8 TeV and 13 TeV [116] . σ M SSM represents the corresponding values calculated for the allowed parameter space points in MSSM. In fig. 4 (b), we present a similar plot with σ U L Obs corresponding to the upper limits on σ H × Br(H → hh → bbτ + τ −) obtained by CMS at 95% C.L. using LHC Run-II data with luminosity L = 12.9 fb −1 [117] .
data, on the allowed parameter space.
In Fig. 5 we present σ(gg → H) × Br(H → γγ) as a function of mass of the scalar resonance for all allowed parameter space points. The green solid curve is the upper limit on this cross-section times branching ratio from the ATLAS 13 TeV results [111] and the red line is the upper limit on the cross-section times branching ratio for the process gg → H → γγ from the combined data analysis of 8 and 13 TeV data by CMS [112] . We can clearly see that the heavy Higgs direct search in this channel can not constrain the allowed MSSM parameter space. It is clear from Fig. 5 that more than 2 orders of magnitude improvement in the cross section measurement is required in order to probe the region of our interest through this channel.
Search for heavy Higgs in the tt final state
The branching ratio of heavy Higgs decaying into tt pair becomes large only in the low tan β regime. Moreover, at low tan β, the production cross section of heavy Higgs through gluon fusion also becomes large due to enhanced heavy Higgs to top Yukawa coupling. Therefore, near the tt kinematic threshold, and in low tan β region, the production times branching ratio for this process is high and one would expect to see a resonance of heavy Higgs in the tt invariant mass distribution. But the tt invariant mass distribution will be largely dominated by a continuous SM tt background and the required signal significance for the observation of this channel is beyond the current reach of LHC. Moreover, the interference effect between the tt production through heavy Higgs mediation and the SM-QCD production of tt plays a huge role. The interference term in general distorts the invariant mass distribution of the tt pair and produces non-trivial peak-dip structure instead of a smooth Breit-Wigner resonance shape [122, 123] . Projected sensitivities of future LHC to probe this channel have been discussed in these references [122, 123] . In Fig 6(a) we show a scatter plot of cross-section times branching ratio for the process gg → H/A → tt through a color palette in the M A − tan β plane. The dark red points in Fig 6(a) correspond to σ × Br(H → tt) ≈ 0.5 − 1 pb. An improvement in the background reduction is required to explore this channel further.
Search for pseudoscalar heavy Higgs in Zh final state
The pseudoscalar Higgs (A) can decay into a final state containing the 125 GeV Higgs and Z boson, when mass of the pseudoscalar Higgs (M A ) is greater than (M h + M Z ). One should note that the branching ratio of this channel is considerable only with low values of tan β (< 10) and low M A (< 350 GeV). For low tan β, branching ratio of A → tt will be dominant for M A > 2m t . CMS has searched for this resonance decay in the final state of two opposite sign leptons (from Z) and bb (from the decay of h) [97, 98] . ATLAS has also given their exclusion limit for this process [99, 100] . They have analysed two possible final states of the light Higgs boson (bb and τ + τ − ). We calculated the cross-section times branching ratio of this channel for the allowed parameter space points and compared with the corresponding 8 TeV and 13 TeV upper limits obtained by ATLAS and CMS. 
Obs represents the upper limits on σ ggA × Br(A → Zh → Zbb) derived by ATLAS at 95% C.L., using LHC Run-II data [100] . σ M SSM represents the corresponding values calculated for the allowed parameter space in MSSM.
We present the color palette plot for σ Obs /σ M SSM < ∼ 9.54 × 10 6 . This indicates that our parameter space points elude the existing bounds from this decay channel.
Keeping an optimistic viewpoint, we expect that the pseudoscalar Higgs boson A could be probed through this channel in the low M A and low tan β region for an approximately ∼ 10 2 times improvement in the measurement of these decay modes. However, this will require a ∼ 10 4 improvement in the integrated luminosity, which is beyond the scope of HL-LHC. The coupling of MSSM heavy Higgs and pseudoscalar Higgs with down type fermions (b quark and τ lepton) is proportional to cos α/ cos β and tan β respectively. Therefore, for a fixed CP-even Higgs mixing angle α, both the couplings increase with tan β. Thus, the production cross-section of heavy Higgs boson in association with b quark is enhanced in the high tan β regime. For large values of tan β (≥ 10), the dominant decay modes of both H and A are bb (∼ 90%) and τ + τ − (∼ 10 %). CMS and ATLAS have presented their results on both τ + τ − [78-81, 113, 114] and bb [85, 115] final states of the heavy Higgs boson, for production through gluon gluon fusion and in association with b-quark, with the data taken at √ s = 8 TeV and 13 TeV at LHC. We have calculated the cross-section times branching ratio for both bb and τ + τ − final states for the allowed parameter space and we show the results in Fig. 7 and Fig. 8 . The blue colored points in Fig. 7 correspond to the allowed parameter space (blue colored points of Fig. 1(d) ) obtained after combining the Higgs signal strength constraints mentioned in Table. I and Table II and the low energy flavor physics constraints, through a global χ 2 fit. We observe that the upper limit on σ × Br(H → bb), derived by CMS [85] from LHC data corresponding to √ s = 8 TeV, glances over the parameter space at M A ≈ 600 GeV. In Fig. 8(a) and Fig. 8(b) , we show the impact of direct search in H/A → τ + τ − channel in the M A vs. tan β plane, on the allowed parameter space points. The blue colored points are those allowed parameter space points which are excluded by the ATLAS (Fig. 8(a) ) [78] and CMS ( Fig. 8(b) ) [79] upper limits, derived using 8 TeV LHC data. The orange colored points are excluded by the 13 TeV (13.3 fb −1 for ATLAS [113] and 12.9 fb −1 for CMS [114] ) LHC data, for τ + τ − final states in the b-quark associated production modes (pp → bb H/A → bb τ + τ − ). The H/A → τ + τ − channel puts the strongest constraint on our choice of MSSM parameter space, among all possible decay channels of the heavy Higgs bosons. We would like to point out here that the latest exclusion limits derived by ATLAS from the 13 TeV LHC run [113] are better compared to the previous limits only in the high M A ( > ∼ 400 GeV) region. One can understand that large tan β implies large coupling with the b quark and τ lepton. Therefore, the cross-section times branching ratio for the process increases rapidly with tan β. As both, production and decay gets enhanced with tan β, the LHC constraint becomes more stringent for low to moderately large values of M A . We would also like to mention that there is no significant difference between the latest 13 TeV limits from ATLAS (13.2 fb −1 ) and CMS (12.9 fb −1 ), and roughly speaking, both exclude the same parameter region, as is evident from Fig. 8(a) and Fig. 8(b) .
In Fig. 8(c) , we plot in the M A vs. tan β plane, the ratio between the observed upper limit (ATLAS 13 TeV result presented in the ICHEP 2016 conference [113] ) and the value of Brown colored points represent those allowed parameter space points which are also allowed by the most updated Heavy Higgs search results from ATLAS corresponding to H → τ + τ − channel. The blue colored points correspond to those allowed parameter space points which are excluded by ATLAS 8 TeV data in the direct search of H → τ + τ − at 95% C.L [78] . The orange colored points are excluded by ATLAS 13 TeV data corresponding to 13.3 fb −1 [113] of integrated luminosity, in the same channel. Fig. 8(b) : Blue colored points are excluded by the CMS 8 TeV data in the direct search of H → τ + τ − at 95% C.L [79] , while the orange colored points are excluded by the CMS 13 TeV data corresponding to 12.9 fb −1 [114] . Fig. 8(c) : Color palette plot in the M A − tan β plane with σ U L Obs /σ M SSM as the third axis. Here, σ U L Obs corresponds to the upper limit on σ bbH/A × Br(H/A → τ + τ − ) derived by ATLAS using 13 TeV LHC data at an integrated luminosity of 13 fb −1 [113] .
cross-section times branching ratio of the heavy Higgs decaying to τ + τ − channel computed in MSSM, as a color palette. Points for which the quantity σ (Fig. 9(a) ) and 13 TeV (Fig. 9(b) ). The green dashed (red solid) line in Fig. 9(a) denotes the 95% C.L. upper limit on σ× Br(H ± → τ ν) given by ATLAS [101] (CMS [103] ) at 8 TeV. The green dashed (purple dashed) points in Fig. 9(b) denotes the pre-ICHEP 2016 [102] (post-ICHEP 2016 [118] ) upper limits at 13 TeV.
by this search. In this analysis, the allowed parameter space points have the value of this quantity in the range 0.03 < ∼ σ U L Obs /σ M SSM < ∼ 2.58 × 10 3 , which indicates that this channel is highly promising in order to probe the low and moderate tan β regions, which will be feasible in the future high luminosity runs of the LHC.
Search for H ± in τ ν final states
The observation of a charged Higgs boson signal will be a clear hint of BSM physics. The bounds on charged Higgs masses from the direct searches at the Large Electron-Positron (LEP) collider is M ± H > 78.6 GeV [124] . The production and decay of the charged Higgs mostly depend on the charged Higgs mass. If the charged Higgs is lighter than the top-quark, i.e., M ± b channel is forbidden, therefore charged Higgs will be mostly produced through the associated production with a top and bottom. We apply the bounds on the MSSM parameter space from both CMS and ATLAS coming from the 8 TeV and 13 TeV data.
We have calculated the cross-section times branching ratio for the allowed parameter space for the channel pp → H ± tb → (τ ν)tb. Fig. 9(a) and Fig. 9 (b) shows σ× Br(H ± → τ ν) for the allowed parameter space points, for 8 TeV and 13 TeV, respectively. In Fig. 9(a) , (Fig. 10(a) ) and 13 TeV (Fig. 10(b) ). The green dashed (red solid) line in Fig. 10(a) denotes the 95% C.L. upper limit on σ× Br(H ± → tb) from ATLAS [104] (CMS [103] ) 8 TeV data. Green dashed line in Fig. 10(b) denotes the 95% C.L. upper limit derived by ATLAS 13 TeV with 13.2 fb −1 data [119] .
the red solid and green dashed line represents the upper limit on σ× Br(H ± → τ ν) at 95% C.L. from CMS [103] and ATLAS [101] , respectively, for 8 TeV data. In Fig. 9(b) , the green dashed line represents the corresponding upper limit from ATLAS 13 TeV data at an integrated luminosity of 3.2 fb −1 [102] . The purple dashed line corresponds to the upper limit from ATLAS 13 TeV data with higher luminosity [118] . From the 13 TeV results, it is clear that a slight improvement in the existing cross-section limits will make this channel sensitive enough to probe certain fractions of the allowed parameter space.
Search for H ± and tb final states
We have already mentioned that when the charged Higgs is heavy i.e., M ± H > (m t + m b ), it is primarily produced in the process gg → tbH ± and its major decay channel would be H ± → tb. ATLAS and CMS have looked for this channel and have derived upper limits on production cross-section times branching for the process gg → tbH ± and H ± → tb [103, 104, 119] .
We show the quantity σ× Br(H ± → tb) as a function of the mass of the charged Higgs in Fig. 10(a) and Fig. 10(b) , where the blue points correspond to the allowed parameter points. We superimpose the upper limits on σ× Br(H ± → tb) derived by both ATLAS [104] and CMS [103] at 8 TeV in Fig. 10(a) , as represented by green dashed and red solid lines, respectively. In Fig. 10(b) , we superimpose the upper limits on σ× Br(H ± → tb) from ATLAS 13 TeV data with 13.2 fb −1 data [119] . We can see from the figures that the CMS bound is much stronger, although all the allowed parameter points of our scan are well below the reach of these bounds. We observe that an improvement of at least one order of magnitude in the cross-section measurement is required to probe the allowed parameter space through the direct charged Higgs search in this channel.
III. FAVORED PARAMETER SPACE AFTER 13 TEV LHC DATA
In the previous sections we have discussed in great detail the constraints on the MSSM parameter space. We have explored the impact of light Higgs mass constraint and the global χ 2 analysis, performed by combining the Higgs signal strength constraints and low-energy flavor physics observables from the B-physics sector. Next, we analysed the impact of various heavy Higgs searches and studied their implication on the allowed parameter space. We have considered both charged and neutral Higgses and imposed the upper limit on crosssection times branching ratio in the possible decay channels, using 8 TeV and 13 TeV (pre and post ICHEP 2016) for both ATLAS and CMS. We have seen that out of all possible decay channels of the heavy Higgs bosons, H → τ + τ − imposes the strongest constraint and we showed its effect on the allowed parameter space, in the M A − tan β plane in the previous section. Now that we have discussed all these constraints on the MSSM Higgs sector individually, it would be comprehensive and conclusive, if we discuss the status of the parameter space and correlation between various signal strengths after all these constraints are put together.
A. The M A − tan β plane We will first discuss the effect of all the constraints on M A − tan β plane. In Fig. 11 , the grey points denote the region allowed by the light Higgs mass constraints, while the blue and red colored points correspond to the allowed parameter space obtained from the global χ 2 analysis. The red colored points are also allowed by the most stringent heavy Higgs search limit corresponding to H → τ + τ − channel, derived by ATLAS from LHC Run-II data at 13.3 fb −1 of integrated luminosity. We should mention here that the lower limit on tan β is also dependent on M S . Increasing the soft SUSY-breaking scale by few orders of magnitude the very low tan β region i.e., tan β < 3 can be opened [125] .
We can see that the low tan β region is disallowed by the Higgs mass constraints. However the lower limit on tan β is dependent on M A for low M A . The high tan β region for moderate M A has been disfavored by the B + → τ + ν. We can see that the 13 TeV heavy Higgs search in the τ + τ − final state puts more severe constraint on the M A − tan β plane than the 8 TeV data for values of M A approximately greater than 300 GeV.
B. Correlations between α, β and M A
In this subsection, we discuss the effect of all the constraints discussed earlier on the Higgs mixing angle. We begin by briefly discussing the 'alignment limit' [21, 25, [126] [127] [128] [129] [130] . In MSSM the couplings of the gauge bosons with the neutral CP-even Higgs bosons are given by the following equations: Table I and Table II , along with the low energy flavor physics constraints. The red colored points are also allowed by the most stringent heavy Higgs search limit derived by ATLAS from the H → τ + τ − decay mode from the LHC Run-II data [113] (presented in ICHEP 2016 conference).
FIG. 12.
Scatter plot in the tan β − (β − α) plane: Fig. 12(a) (Fig. 12(b) ) represents parameter space points within 2σ interval of χ 2 min , obtained by combining the Higgs signal strength constraints tabulated in Table I (Table II) and the flavor physics observables. Fig. 12(c) corresponds to the allowed parameter space. All points satisfy the light Higgs mass constraint. The blue horizontal line corresponds to (β − α) = π/2.
where α is the mixing angle between the neutral CP-even Higgs bosons and g V is the SM gauge boson coupling (g V = 2iM
2 V /v). Alignment limit is the limiting case when one of the CP-even neutral Higgs boson (h and H) mimics the behavior of the SM Higgs boson. In this work, we have confined ourselves within the decoupling limit and assumed that the lighter CP-even Higgs boson (h) resembles the SM Higgs boson. It is evident from Eq. 5 and Eq. 6 that it can be achieved when cos(β − α) ∼ 0 and sin(β − α) ∼ 1. This will imply (β − α) ∼ π/2. This condition is known as the 'alignment criteria'.
In Fig. 12 we show a scatter plot in the tan β −(β −α) plane, with M A shown through the color palette. In Fig. 12(a) we show the parameter space points which lie within χ 2 < χ 2 min + 6.18, where χ 2 min has been obtained by combining the signal strength constraints tabulated in Table I , corresponding to the LHC run-I results, and the flavor physics observables. In Fig. 12(b) , the parameter space points have been obtained by performing the global χ 2 fit, using the signal strength constraints tabulated in Table II and the flavor physics observables only. We represent the allowed parameter space points in Fig. 12(c) . We would like to note that all parameter space points in Fig. 12 satisfy the light Higgs mass constraint.
The figures show that we are indeed very close to the alignment limit. We should mention here that even with low M A , i.e. M A in the range 200-400 GeV it is possible to be in the alignment region. In the MSSM the alignment limit can be realized independently of the decoupling of the heavier Higgs states through a cancellation between tree-level and higherorder contributions in the Higgs sector. This cancellation can occur at relatively large values of tan β (increasing µA t /M S it is possible to achieve alignment limit even with low tan β) [21, 25, 130] . But the large values of tan β are disfavored by the direct search of heavy Higgs in the τ + τ − channel. So the points in Fig. 12(a) and Fig. 12(b) which are close to the alignment limit actually possess the largest possible tan β values still allowed by the direct search of heavy Higgs. Fig. 12(c) shows the allowed points after applying the 8 and 13 TeV combined signal strength and low energy constraints. Detailed discussion on the 'alignment without decoupling' scenario can be found in the Refs. [21, 25, 130] . Further analysis in this direction is beyond the scope of this paper and will be addressed in [131] .
C. Signal strength correlations
In Fig. 13 we plot the correlations between signal strength variables, µ ggF +tth and µ V BF +V h , for γγ, W + W − , τ + τ − and bb final states. Both, red and blue colored points satisfy the light Higgs mass constraint. The red points are within the 2σ interval of χ 2 min computed by combining the 8 TeV Higgs signal strength constraints and the low energy flavor physics constraints. Combining the 13 TeV Higgs signal strength constraints as well, yield the blue colored points (same as the blue colored points in Fig. 1(d) , which we have been referring to as the allowed parameter space in all previous discussions.)
In the case of γγ and W + W − , we see points in which both the signal strengths observables, µ ggF +tth < 1 and µ V BF +V h < 1, and are disallowed by the 8 + 13 TeV Higgs signal strength constraints. In the case of bb and τ + τ − final states, regions with µ ggF +tth > 1 and µ V BF +V h > 1, are disfavoured. This is because of the anti-correlation between the signal strength variables in the γγ, W + W − , ZZ channels and bb and τ + τ − channels. As the partial decay width of h → bb increases, the total decay width also increases. Consequently the branching ratios to W W/ZZ/γγ decreases. The branching ratio to τ + τ − channel does not decrease, because τ + τ − is strongly correlated with bb channel. When partial decay width of FIG. 13 . Correlations between signal strengths µ ggF+tth and µ V BF +V h for the final states γγ, W + W − , τ + τ − and bb. Red points represent the parameter space which is allowed within 2σ interval of χ 2 min , computed by combining the 8 TeV Higgs signal strength constraints and the flavor physics observables. The blue colored points correspond to the allowed parameter space points (blue colored points of Fig. 1(d) ).
h → bb increases, the partial decay width of h → τ + τ − also increases.
D. tth correlations
In Fig. 14(a) , we plot a scatter diagram for correlation between µ tth in the bb and τ + τ − final states. In Fig. 14(b) , we plot a scatter diagram for correlation between µ tth in the τ + τ − and W + W − final state. Red points are those which are allowed by the global χ 2 analysis performed by combining the 8 TeV Higgs signal strength constraints (Table. I ) and the constraints from low energy B-physics observables. Blue points are allowed by the global χ 2 analysis performed by combining the 8 and 13 TeV signal strength data and low energy constraints. All the points in the two figures satisfy the light Higgs mass bound. Here FIG. 14. Correlations between signal strength variables of µ tth in the bb and τ + τ − final states in Fig. 14(a) and signal strength correlations in µ tth for W + W − and τ + τ − final states in Fig. 14(b) .
again, we observe the anti-correlation between the h → τ + τ − and h → W W and correlation between h → bb and h → τ + τ − . The regions where the signal strength of h → bb and h → τ + τ − are both greater than 1, are disfavored by the current data. On the other hand, the regions where the signal strength of h → W W is less than 1 and h → τ + τ − is greater than 1, are disfavored by the current data.
E. Higgs coupling with the bottom quark
Precise measurement of the Higgs signal strength can be a probe for Higgs coupling measurements. We have studied the details of bottom Yukawa coupling in this regard. We know that the loop corrections involving various supersymmetric particles can modify the bottom yukawa coupling significantly. The effective Lagrangian contains the following couplings of the bottom quark to the CP-even neutral Higgs bosons.
The tree level H In MSSM the supersymmetric particles will contribute to the threshold correction at loop level and that would imply a shift in the bottom Yukawa coupling [132] [133] [134] [135] . We have performed a scan of the parameter space and plotted the Higgs branching ratio to bb final state as a function of ∆m b in Fig. 15 . In Fig. 15(a) we see the Br(h → bb) as a function of ∆m b for the scanned points (green) of our parameter space which satisfy the Higgs mass and the low energy constraints and 8 TeV Higgs signal strength data. In Fig. 15 are same as Fig. 15(a) . In Fig. 15(c) we plot the points (blue) that are allowed by the Higgs mass, flavor data and 8 and 13 TeV combined Higgs signal strength. The green point in this figure are same as Fig. 15(a) . In Fig. 15(d) we plot the points (red) which are allowed by Higgs mass, flavor data, 8 and 13 TeV combined Higgs signal strength along with 13 TeV heavy Higgs direct search limits. The green, blue and yellow points in this figure are same as Fig. 15(a) ,(b) and (c). We can see that the combined signal strength has no severe impact on the parameter space in the ∆m b -Br(h → bb) plane. But the heavy Higgs direct search has significant effect. We can see from Fig. 15(b) and (d) that points with large ∆m b are not favored. The reason behind this is the heavy Higgs direct search in the τ + τ − final state puts and upper limit on tan β as we have seen in Fig. 8 . That upper limit gets translated into an upper limit on ∆m b .
IV. HEAVY HIGGS DECAY TO SUSY STATES
In this section we discuss the scenarios where the heavy Higgs bosons can decay to sparticles like third generation squarks/sleptons or to electroweakinos. To probe these scenarios we scan the parameter space by decoupling the gluinos and first two generations of squarks and sleptons. Hence apart from the SM final states, the heavy Higgs bosons can decay into a pair of stops, staus, sbottoms. We will also consider the possibility where the heavy Higgs bosons decay into invisible, semi-invisible or visible electroweakinos in the final states i.e., H/A decaying to χ 
A. Heavy Higgs decaying to Electroweakinos
In the MSSM parameter space, there exists certain regions with intermediate tan β (∼ 5 -15) , where the heavy Higgs couplings to the SM particles become very small [136] and non-SM decays are appreciable. In the presence of light electroweakinos, and if kinematically allowed, these heavy Higgs bosons can decay to charginos and neutralinos with a significantly high branching fraction 2 . These 'ino' decay modes crucially depend on the gaugino-higgsino mixing, or precisely on the composition of these electroweakino states. The heavy Higgs bosons will couple with the charginos and neutralinos if and only if the electroweakinos are admixture of the higgsinos and gauginos (bino or wino). For higgsino-dominated or gauginodominated scenarios these couplings are highly suppressed. It may be noted that direct electroweakino searches at LHC [138] [139] [140] [141] have obtained strong bounds on electroweakino masses, especially searches in the chargino-neutralino pair production channel, which provides the most stringent bounds. For a neutralino LSP of mass ≈ 100 − 150 GeV, and for a degenerate wino-like χ 0 2 and χ ± 1 , the lower limits on the masses of these NLSP is ≈ 300 GeV. These mass bounds disfavour heavy Higgs mass below ≈ 400−450 GeV to produce a visible 'ino' final state due to kinematic reasons. However, in certain regions of parameter space, it is possible to obtain a nearly-degenerate LSP and NLSP, and within such scenarios, the above mentioned limit does not apply.
The couplings of the heavy Higgs bosons with the charginos and neutralinos are parametrized by the wino, bino and higgsino mass parameters. We perform a random scan varying these gaugino and higgsino mass parameters and tan β, while keeping the other parameters fixed, to study the heavy Higgs to 'ino' decay modes. We fix M A at 600 GeV, while the slepton and the squark masses are fixed at a much higher value such that the decay of the heavy Higgs bosons to the sleptons and squarks are kinematically forbidden.
We consider two different scenarios here. In the first scenario, we choose the light 'inos' 3 to be admixtures of bino and higgsino components. Here we vary M 1 and µ in such a way that M 1 +µ < M A and both M 1 , µ > 100 GeV. In addition,
| is always less than the mass of W boson. In such cases, the Higgs to 'ino' branching fraction can reach up to 40% in the moderately low tan β region, as presented in Fig. 16(a) . The 'ino' branching fraction has been calculated by summing over all possible 'Higgs-to-ino' decay modes. We investigate the effect of the presence of heavy Higgs bosons to 'ino' decay modes on the H → τ + τ − channel, since heavy Higgs searches in this channel provide the strongest constraints on the MSSM parameter space. Blue points in Fig. 16(b) represent the σ bbH/A × Br(H/A → τ + τ − ) values in the presence of 'ino' decay modes, with the 'ino's being mixtures of binos and higgsinos, while the brown line represents the corresponding cross-section times branching ratio in the absence of light 'ino's.
In the second scenario we choose the 'ino' mass parameters in such a way that the light 'ino's are compounded from wino and higgsino mixing. We choose M 2 + µ < M A , with both M 2 , µ > 100 GeV, and
| less than the W boson mass. Here the Higgs to 'ino' branching fraction can go as high as 80% in the moderate tan β region, as shown in Fig. 17(a) . We present the σ bbH/A × Br(H/A → τ + τ − ) values in Fig. 17(b) with blue points. These points reflect the effect of heavy Higgs to 'ino' decay modes on the H → τ + τ − branching fraction. Let us focus on a particular value of tan β, say tan β = 14. We observe that the existing upper limit on σ bbH/A × Br(H/A → τ + τ − ) ≈ 0.03 pb, derived by ATLAS at 95% C.L., would be able to rule out this point for the case when there are no possible 'ino' decay modes in the model. However, because of the presence of these 'ino' decay modes, the upper limit bound on σ bbH/A × Br(H/A → τ + τ − ) is required to be approximately one-third of the existing value in order to rule out the same tan β > 14 region. This would in turn require ∼ 9 times increase in luminosity to maintain the same sensitivity. The heavy Higgs search limits on tan β can therefore get significantly modified due to the presence of 'ino' decay modes.
B. Heavy Higgs to sfermions
In this section we explore the possibility of heavy Higgs decay to third generation sfermions. It may be noted that for first two generation squarks, the couplings to heavy Higgs is almost zero as they are proportional to the corresponding fermion masses. Due to the large third generation fermion masses and large mixing in the third generation squarksector, heavy Higgs decaying to t 1 t 1 or b 1 b 1 could be the dominant decay mode. For large A τ and large tan β, the Higgs coupling to a pair of staus will be large. But, in such scenarios, the coupling to bb is also enhanced and H → bb always dominates. We perform a dedicated scan for light τ 1 scenarios and obtain that Br(H → τ 1 τ 1 ) is very small (typically < 1%). Fig. 17(b) represents the 95% C.L. upper limit on the quantity σ bbH/A × Br(H/A → τ + τ − ) given by the ATLAS 13 TeV data for M A = 600 GeV. All parameter points here lie within 2σ interval of the χ 2 min , computed by combining all the 8 TeV and 13 TeV Higgs signal strength constraints mentioned earlier, along with the constraints from B-physics observables.
Heavy Higgs to stops
Due to a large mixing term, driven by the top-quark mass m t in the stop mass-matrix, the lighter mass eigenvalues (m t 1 ) can be much lighter than the masses of all other squarks. This will make the decay of the heavy Higgs to a pair of stops kinematically allowed, even when the Higgs is not so heavy. For not too heavy Higgs and small tan β, or for intermediate tan β or heavy Higgs with large µ and A t , the partial decay width into top squarks can be very large and can dominate over the tt and electroweakino final states. The heavy Higgs decay into light stops has been discussed in detail in [142] .
To probe such scenarios we scan the MSSM parameter space by fixing the masses of first two generation squarks and all three generation sleptons at 4 TeV. Also, it may be noted that the LHC Run-I data and very recent 13 TeV data for direct stop searches (see [143] [144] [145] [146] [147] ) has severely constrained the parameter space depending upon the decay modes of stop.
For t 1 → t χ 0 1 mode, stop mass below 800 GeV is excluded from 13 TeV 13.2 fb −1 LHC data for m χ 0 1 < 240 GeV [143, 144] . Even for t 1 → c χ Table VI we present a benchmark point BP-1 which is allowed by 125 GeV Higgs data and other flavor physics constraints. The relevant input parameters and output masses, branching ratios are also summarized in the Table VI for BP-1. In BP-1, the dominant decay mode of H is Benchmark Parameters (GeV) Mass (GeV) Processes Branching Points Fraction H → t 1 t 1 (∼ 95%).
Heavy Higgs to sbottoms
Similar to the stop scenarios, light sbottom is also tightly constrained from Run-I and Run-II data [147, 149, 150] . m b 1 < 800 GeV is excluded for m χ 0 1 < ∼ 250 GeV. Apart from the degenerate regions, this limits hold up to m χ 0 1 ∼ 400 GeV. Hence the LHC limits only allow the scenarios where a heavy Higgs (typically below 1 TeV) can decay to a sbottom pair (m b 1 > 300 GeV) and the lightest sbottom is almost degenerate to LSP.
In case of sbottoms, the heavy Higgs couplings will be large with larger values of both A b and tan β. Moreover, with large A b the mixing will be large in sbottom sector and the one of the sbottom masses will be lighter which may kinematically allow the decay of heavy Higgs into a pair of sbottoms. We present two benchmark points, BP-2 and BP-3, in Table VI with relevant input parameters and output masses and branching ratios. In BP-2, Br(H → b 1 b 1 ) is about 27%, but due to enhancement in tan β and A b , this branching ratio increases to 53% in BP-3. To illustrate the effect of tan β, µ and A b we present the branching ratios of heavy Higgs boson H → b 1 b 1 decay with respect to the variation of A b in Fig. 18 . The The green, blue and red lines correspond to (µ, tan β) = (4 TeV, 10), (6 TeV, 10) and (3 TeV, 20) , respectively. Other parameters are exactly same as BP3 (see Table VI ).
green, blue and red lines correspond to (µ, tan β) = (4 TeV, 10), (6 TeV, 10) and (3 TeV, 20) , respectively. Other parameters are exactly same as BP3 (see Table VI ). It may be noted that even for a specific set of µ and tan β, sbottom mass is not fixed in Fig. 18 and varies between 300 -400 GeV. The mixing in the sbottom sector depends on A b ≡ A b − µ tan β and hence the branching ratios may be large particularly in the large tan β scenarios (red solid line in Fig. 18 ). We also perform a general scan by varying the masses of third generation squarks, trilinear couplings, µ and tan β and notice that Br(H → b 1 b 1 or t 1 t 1 ) can be as large as 95%. In such scenarios the direct LHC bounds from stop/sbottom production mostly allow the parameter space where stop/sbottom is nearly degenerate to LSP and the search for heavy Higgs bosons need special attention [131] .
V. SUMMARY AND OUTLOOK
Since the discovery of 125 GeV Higgs boson, the CMS and ATLAS collaborations at LHC have performed numerous studies to decipher the properties of the observed resonance. Studies performed on the production, as well as the decay of the 125 GeV Higgs boson to SM particles have been presented in terms of the signal strength variables in association with the uncertainties in the measurements. These measured values are used to constraint the models which fall under the purview of "beyond SM" physics. The ATLAS and CMS collaborations have also performed numerous searches for the heavy Higgs bosons through their decay to Standard Model particles. However, none of these searches have been able to observe any clear signature of the additional Higgs bosons. As a result, upper limits have been derived on the production cross-section times branching fraction of the respective search channels at 95% C.L. Our objective in this work is to understand the effect of the latest bounds from Higgs signal strength measurements and heavy Higgs searches on the MSSM parameter space.
We scan over a wide range of MSSM parameter space. The allowed parameter space is required to have the light Higgs mass in the range 122.4 GeV to 127.8 GeV. We also impose the existing constraints on branching fraction of rare B-decays, Br(B s → X s γ) and Br(B s → µ + µ − ), allowing 2σ uncertainty in the measured values. Constraints on Higgs signal strength, derived by ATLAS and CMS through a combined analysis of LHC Run-I data, are also imposed allowing 2σ uncertainty. The allowed parameter space, thus obtained, is then subjected to consistency checks with respect to the existing bounds from numerous heavy Higgs searches.
Key findings of this work are the following:
• As the signal strength measurements are in favor of the alignment/decoupling limit, the direct searches with H → W + W − , ZZ final states are not effective to probe the relevant parameter space of our interest.
• Upper bounds derived on H/A → τ + τ − are found to impose the strongest constraints on the parameter space and rules out a significant region of parameter space in the high tan β and low M A region. Compared to Run-I data, the very recent 13 TeV data is more stringent in the region with tan β > 10.
• One requires an improvement of around two orders of magnitude in the observed upper limits in order to make the channels like H → hh, A → Zh sensitive to heavy Higgs searches. These searches are important because they will be able to probe a region of the M A − tan β parameter space which is complementary to the region sensitive to the H → τ + τ − search. The allowed parameter space might become sensitive to charged Higgs searches as well for an order of magnitude improvement in observed upper limits in the H ± → τ ν and H ± → tb channels.
We also study the impact of the presence of light SUSY particles in the spectrum. In case its kinematically possible for the heavy Higgs bosons decay to SUSY particles, the Higgs to non-SM decay modes can receive significant branching fractions, which in turn may result into significant modifications in the SM branching fractions. We study one such case, where there are light neutralinos and charginos in the spectrum. We observe that heavy Higgs to ino decay modes can reach up to 40% in the moderately low tan β region, when the inos are admixtures of bino and higgsino components. Considering a similar situation, but with inos being admixtures of wino and higgsino components, we observe that the heavy Higgs to ino decay modes can reach up to 80% in the moderately low tan β region. We observe that presence of these decay modes severely affects the constraints imposed on our parameter space from heavy Higgs searches. We, in particular, study its effect on the constraints imposed by the upper bounds on H/A → τ + τ − , which, as discussed earlier, provides the strongest constraints on the parameter space. Furthermore, we have observed that for specific region of the parameter space, decay of the heavy Higgs to top-and bottomsquarks can be enhanced. It is observed that the constraints on the parameter space get much weaker in presence of these additional decay modes and much improved measurements of the observables would be required in order to rule out those regions of MSSM parameter space, which had been excluded previously assuming the absence of those decay modes.
